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(54) TA SPUTTERING TARGET AND ITS PRODUCTION 
(57)Abstract: 

PURPOSE: To form a thin film excellent in uniformity by using a target formed from a plastically worked 
material of Ta having a specified content of gaseous components and a specified average grain diameter. 
CONSTITUTION: This Ta sputtering target is formed from a plastically worked material of refined Ta having 
<100ppm total content of gaseous components and <1mm average grain diameter. A Ta ingot having < 
lOOppm total content of gaseous components is cold-worked at >90% rate of working and recrystallized by 
heat treatment at 900-1 ,300°C heating temp, in <0.1mmbar vacuum. The target can be expected to 
contribute largely toward improving the performance of a member utilizing a thin Ta or Ta alloy film. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A total gas-constituents content is 100 ppm. Spatter RINGUTA-get made from Ta characterized by 
consisting of the plastic- working material of Ta which the place whose diameter of average crystal grain it is the 
following and is 1mm or less ingoted. 

[Claim 2] a total gas-constituents content ~ 100 ppm Ta ingot which is the following - working ratio: - the 
manufacture method of the spatter RINGUTA-get made from Ta according to claim 1 characterized by including the 
process made to heat-treat and recrystallize at heating temperature:900-1300 degree C in the vacuum of 0. 1 or less 
mmbars after carrying out cold forging on 90% or more of conditions 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the spatter RINGUTA-get made from Ta (tantalum) suitable as objects 
for heat-absorbing-glass covering, such as manufacture of a semiconductor device, and an automobile, and its 
manufacture method. 
[0002] 

[Description of the Prior Art] In the insulator layer between the electrode wiring layers in the former and a 
semiconductor device, it is Si02. Although the film was applied, high integration of LSI progresses in recent years, and 
it is Si02, Since the dissatisfaction over a film came out, it is Si02. It is a substitute to a film. Ta 205 The attempt 
which applies a thin film is progressing. 

[0003] and -- this — Ta 205 Although the CVD which uses organic reactant gas, and the sputtering method which 
carries out the spatter of the spatter RINGUTA-get made from Ta (it is henceforth called "Ta target" for short) in 
"argon-oxygen mixed gas" are used for formation of a thin film, it is supposed from a synthetic viewpoint that the 
sputtering method is advantageous. 

[0004] On the other hand, although refractory-metal silicide thin films, such as Mo and W, have been used as an 
electrode of VLSI until now, recent years come, Ta silicide film attracts attention, and promising ** is carried out as 
the next electrode material. Although some methods can be considered also to formation of this Ta silicide film, Ta 
film is made to adhere on polycrystal silicon by the sputtering using Ta target as one, and there is technique which 
silicon and Ta are made to react after that and is used as Ta silicide film. 

[0005] Moreover, recently, the attempt which applies the thin film of Ta as a heat ray absorption film which covers 
fi"ont faces, such as glass for automobiles, also comes to be made, and the increase of need of Ta target is expected also 
from such a direction. 

[0006] By the way, the aforementioned Ta target used in order to form thin films, such as "Ta" and "Ta silicide", is 
manufactured by the method of dissolving the metal Ta industrially obtained by the electrolytic decomposition process 
etc. now, and making Ta ingot, and processing this and making it into a request configuration and a size. 
[0007] however, we were anxious about having ******** in** on performances, such as "Ta" formed although an 
application field is the thin film of "Ta" expanded remarkably and "Ta alloy" and according to a detailed examination 
of this invention person etc. it is slight as mentioned above when based on sputtering or those of "Ta alloy" with 
disagreeable ** as for which a thin film lacks in homogeneity, a semiconductor device which applies this, and heat 
absorbing glass 

[0008] Since it is such, it is that the purpose wipes away the above-mentioned problem pointed out to sputtering which 
used Ta target, and this invention establishes the means obtained by being stabilized in a uniform and highly efficient 
thin film. 

[0009] this invention person etc. came to acquire the following knowledge, as a result of repeating research 
wholeheartedly that the above-mentioned purpose should be attained. 

A) Although the grain size number of Ta target used to the homogeneity of the thin film formed in sputtering using Ta 
target has influenced greatly and it becomes such a desirable inclination that this grain size number is fine, the 
homogeneous improvement effect of the thin film formed when especially the diameter of average crystal grain is 
adjusted to I mm or less becomes remarkable much more. 

[0010] B) However, although surely "grain refining of Ta target" has higher efficacy in equalization of the thin film 
formed in process in which detailed examination is advanced Even if it is the case where a limitation is in the 
homogeneous improvement effect of the aforementioned thin film only by detailed-ization of crystal grain, and the 
diameter of average crystal grain of Ta target is set to 1mm or less On the occasion of membrane formation operation 
on a industrial scale, it became clear that it is when it is difficult for the grade which can be enough satisfied as the 
object for semiconductor devices, an object for heat absorbing glass, etc. to always form a uniform thin film in stability. 



[001 1] C) -However, it is 100 ppm which does not have a similar case considering the sum total content of the gas 
constituents O, N, C, S, H, etc. in Ta target, as an industrial product. After decreasing even below If the diameter of 
average crystal grain is adjusted to 1mm or less, the homogeneity of the thin film formed will improve by leaps and 
bounds, and most of the bad influence to product performance which originated in "the heterogeneity of the thin film 
obtained" also in membrane formation operation of a industrial scale, such as a semiconductor device and heat 
absorbing glass, will be stopped by the grade which can be disregarded. 

[0012] D) In addition, the sum total content of gas constituents is 100 ppm. The following aforementioned Ta targets 
For example, once hold the raw material molten metal which carried out electron beam melting in cold HA-SU of a 
water cooling type, and the fly off of the impurity is carried out to vacuum environment, "drawn out from a lower part 
as an ingot, making this overflow into a mould and making it solidify continuously electron beam cold HA - a 
pickpocket "the casting ingot of Ta" obtained by melt method" can be manufactured as start material 
E) Moreover, Ta target of the detailed organization of 1mm or less in the diameter of average crystal grain is realizable 
by giving strong processing between the colds to "the ingot material of Ta" with few above-mentioned amounts of gas 
constituents, and performing recrystallization heat treatment of specific conditions to this. 

[0013] this invention is completed based on the above-mentioned knowledge matter etc., and 100 ppm of total gas- 
constituents contents are the following about "Ta target. It has the big feature at the point constituted from plastic- 
working material of Ta which the place and whose diameter of average crystal grain are 1mm or less ingoted." 
furthermore, Ta ingot 100 ppm of whose gas-constituents contents of "sum total are the following — working ratio:, 
after carrying out cold forging on 90% or more of conditions the inside of the vacuum not more than O.lmmbar ~ 
heating temperature: — by taking in the process made to heat-treat and recrystallize at 900-1300 degrees C The gas- 
constituents content of the aforementioned sum total is 100 ppm. It is characterized by the point that the diameter of 
average crystal grain is stabilized and enabled it to manufacture Ta target 1mm or less below." 
[0014] Here, it is 100 ppm in total about the gas-constituents content in Ta target. Having limited the following 
Especially a total gas-constituents content is 1 00 ppm. The burst size of the gas at the time of using it in a high vacuum, 
when it became below decreases sharply, and particle generating is almost lost. The diameter of average crystal grain 
sets at Ta target 1mm or less, and the sum total of a gas-constituents content is 100 ppm. It is to be improved by leaps 
and bounds and for the homogeneity (thickness, film property) of membrane formation stability of the thin film formed 
by carrying out sputtering to it being the following to improve remarkably. 100 ppm of and total gas-constituents 
contents the following Ta targets - obtaining - "-- electron beam cold HA - a pickpocket ~ although it is as start 
material, then the good thing having described previously the "casting ingot of Ta" obtained by melt method", if it can 
do, as for each gas constituents and the other impurity components which are contained in a target, decreasing even on 
the following level is desirable 

<Gas constituents> 0:50 ppm Following N:50 ppm Following C:50 ppm The following and S: 10 ppm Following H:10 
ppm Following. 

<Other impurity components> Less than [ Nb:0.01wt% ] Less than [ W:0.05wt% ] Less than [ Fe:0.01wt% ], less than 
[ aluminum:0.01wt% ] Less than [ nickel :0.01wt% ]. 

[0015] Moreover, for having limited the diameter of average crystal grain of Ta target with 1mm or less, if the diameter 
of average crystal grain is over 1mm as mentioned above, the gas-constituents content in a metaphor Ta target is 100 
ppm in total. It is because the homogeneity of the thin film formed of sputtering though.it is the following is not 
enough, wipes the bad influence to product performance, such as a semiconductor device and heat absorbing glass, and 
stops going out. Furthermore, it is because neither the fine crystal grain organization which mentioned above, nor a 
gas-constituents content can be attained in powder metallurgy material to have made Ta target into "ingot material" 
[0016] When this working ratio is less than 90%, even if it performs recrystallization heat treatment, it is uniform to 
face to manufacture Ta target on the other hand, and to carry out cold forging of the Ta ingot by 90% or more of 
working ratio first, and it is because crystal grain not more than mean-particle-diameter: 1mm cannot be obtained. 
[0017] Moreover, having limited recrystallization heat treatment conditions like the above is based on the following 
reason. 

a) When the vacuum grade of heating environmental heating environment exceeds O.lmmbar(s), it is for a bad 
influence to appear in the performance of the thin film which a processed material front face is polluted for oxygen, 
nitrogen, etc., and is obtained in stock utilization or sputtering. 

b) sufficient recrystallization should do as heating temperature heating temperature being less than 900 degrees C - 
since there is nothing, if the uniform and detailed grain structure is not obtained but it heats on the other hand 
exceeding 1300 degrees C ~ big-and-rough-izing of crystal grain - inviting - too - homogeneity - do not come and 
obtain the detailed grain structure And Ta target is cut down by material to machining by which cold forging and 
recrystallization heat treatment were performed on the above-mentioned conditions. 



[0018] by .the way, Ta ingot with which cold forging is presented a total gas-constituents content 100 ppm 
ailiiough what was ingoted is used so that it may become the following, in order to obtain Ta ingot of such a high grade 
industrially - "-- electron beam cold HA - a pickpocket -- melt method" is applied this electron beam cold HA - a 
pickpocket with melt method" Cold HA-SU 3 of a copper water cooling type is installed ahead of the water cooling 
type copper mould 2 installed in the dissolution chamber I of an electron beam melting facility so that it may illustrate 
by drawing 1 . It is made to overflow once it holds "the raw material molten metal which dissolved the raw material 
electrode 5 supplied from the raw material level charging apparatus 4 with the electron beam from an electron gun 6" in 
cold HA-SU 3. They are the dissolution and casting drawn out as an ingot 7 from a lower part, casting this in the water 
cooling type copper mould 2, and making it solidify continuously. In addition, sign 6' in drawing shows the electron 
gun for keeping warm, and a sign 8 shows a vacuum pump. 

[0019] By this method, the impurity which is easy to volatilize while piling up in cold HA-SU, in order to cast to mold, 
making the molten metal by which electron beam melting was carried out pile up into proper time cold HA-SU is fully 
' vaporized and removed in vacuum environment, and the ingot of a high grade is obtained, then, electron beam cold 
HA - a pickpocket - this invention person who paid his attention to the high grade-ized operation which was excellent 
in melt method" When the manufacture experiment of ingot material was repeated with the application of this method 
to the dissolution and casting of Ta, Ta dissolution material obtained checked that impurities, such as gas constituents, 
were enough reduced by "the grade which hardly generates gas even if it uses it under an elevated temperature and a 
high vacuum" in spite of one dissolution operation. Moreover, the sum total gas-constituents content in Ta dissolution 
material is 100 ppm by this method. When it ingoted so that it might become the following, it also turns out other 
impurities (alkali metal, radioactive element, etc.) with which the content to Ta target is evaded, and that it is 
decreasing even on the level which can be admitted as an object for semiconductor devices. And these knowledge will 
contribute to completion of this invention greatly, in addition, electron beam cold HA - a pickpocket -- as a raw 
material with which melt is presented, Ta powder or Ta scrap is sufficient 
[0020] Then, an example explains this invention still more concretely. 

[Example] First, after filling up the tube made from unalloyed ti of commercial purity (outer diameter : 120mmx 
length : SOOmmx thickness : 1mm) with Ta scrap, TIG arc welding of the unalloyed ti disk of commercial purity was 
carried out to tube ends opening, and dissolution electrode material was created. In addition, the component analysis 
value of Ta scrap used here was as being shown in Table 1 . 
[0021] 
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[0022] next, ******** beam cold HA - which shows the above-mentioned dissolution electrode material to drawin g 1 - 

- a pickpocket - a melting facility - surface-area: 5 00cm2 of dissolution chamber internal pressure: 10-4mmbar, 
electron beam output:400 kW, melting-temperature:3200 degree C, and the molten metal in cold HA-SU, and casting 
speed:50 kg/hr - it dissolved on conditions, and cast to the water cooling type copper mould, and Ta ingot was 
manufactured And although component analysis was performed about Ta ingot obtained by doing in this way, the 
result was as having written together to Table 1. clear from this table 1 - as - above-mentioned electron beam cold HA 

- a pickpocket - it turns out that evaporation removal of the part for Ti which is easy to carry out a volatilization loss is 
carried out according to melting, and Ta ingot with high purity can be ingoted 

[0023] Subsequently, between the colds (room temperature), the obtained aforementioned Ta ingot was set, and was 
forged at rolling-reduction:95%, and it considered as the plate. And 10-4mmbar after machining this, performing 
surface processing finishing and preparing a target configuration and a size The same 100 ppm as it of Ta ingot which 
was made to give and recrystallize the vacuum heat treatment of 2 hours at 1 100 degrees C under vaccum pressure, and 
the sum total of a gas-constituents content showed in Table 1 The diameter of average crystal grain manufactured 
below Ta target which has the uniform organization which is 500 micrometers. 



[0024] Thus, when the spatter examination to a glass side was carried out using manufactured Ta target, there is also no 
generating of particle and thickness and membraneous quality were able to form both very uniform Ta thin film. 
[0025] 

[Summary of Effects] A very useful effect is brought about on industry ~ as explained above, according to this 
invention, a contribution great to the improvement in a performance of a member which becomes possible [ making 
stable offer of the spatter RINGUTA-get made from Ta which can form the homogeneous further excellent thin film ], 
and uses Ta or Ta alloy thin film as compared with elegance is conventionally expectable. 



[Translation done.] 
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